The synthesis of CoMo/Mordenite (CoMo/ MOR) catalysts was conducted using a co-impregnation method at a various Co/Mo ratios. The produced catalysts were then characterized by X-ray diffraction, total acidity analysis, and scanning electron microscopy. The activity of the catalyst in a hydrotreatment reaction was evaluated by applying the catalyst as a reducedcatalyst to the hydrocracking (HC) reaction of anisole molecules. Analysis of the diffraction data using the Le Bail refinement technique showed that the metal phase was successfully impregnated into the MOR. In addition, increasing the metal content resulted in an increase in the acidity of the catalysts and changed the morphology of the catalysts from homogeneous to heterogeneous with larger particle size. According to the data of GCMS, it is known that the catalysts successfully removed methyl group of anisole molecules. Hydrotreatment reaction with the prepared-catalyst produced 4.77% of phenols. It is 122 % higher than the reaction with MOR catalyst.
Introduction
Hydrotreatment is a reaction of various hydrogenation processes, such as a reaction to change double/triple bonds into saturated hydrocarbons, a reaction to convert heavy fraction hydrocarbons into light fraction hydrocarbons, and to remove impurities such as sulfur, nitrogen, oxygen, and metals [1, 2] . A hydrotreatment reaction usually requires a catalyst to reduce the temperature and energy of a reaction. Typical catalysts used are heterogeneous in which a transition metal, for example Co, Mo, Ni, Pt, and Pd, is dispersed on a substrate or supporting agent. Co and Mo are the suitable transition metals for catalysis, for hydrogenation [3] or deoxygenation reactions [4] respectively.
Transition metals can be used as catalysts in both mono-metal and bimetal form. Augustine [5] states that metals in a bimetallic form have better reactivity and selectivity than their monometalic counterparts. In addition, the use of a pure metal as a catalyst has several disadvantages, such as agglomerates easily, undergoes deactivation due to obstruction of the active site, and shorter catalyst life.
The catalytic properties of metals can be developed by the use of supported catalyst. Many porous materials have been widely utilized as catalyst supports such as γ-alumina [6, 7] , activated carbon [8] , natural zeolites [9] [10] [11] , ZSM-5 [12] [13] [14] [15] , and MOR [10, 14, 16, 17] . MOR has quite large pores (± 7Å), high thermal stability and has cavities and channels that make it suitable as an adsorbent, ion-exchange medium and a catalyst [18] . The high thermal stability of MOR is shown by its ability to maintain its structure to a temperature of 800-900°C [18] .
Trisunaryanti and coworkers [19] used Co, Ni, and Pd supported on MOR for HC reaction of α-cellulose. It is found that the catalyst can convert α-cellulose to some low mass molecule compound such as ethanoic acid, propanoic acid, ethanol and 2-propanone [19] . Meanwhile, MOR modified with Ni and Co, producing a bimetallic Ni-Co/ MOR catalyst, shows a better performance in a cracking process of decalin's ring, than the similar process with a monometallic catalyst of Ni/MOR [20] . A bimetallic NiMo/ Al 2 O 3 also shows a better performance in the deoxygenation of vegetable oil, than the monometal Mo/ Al 2 O 3 [4] .
Some methods to load metals on support materials have been developed, such as deposition [21] , impregnation [22] and co precipitation [23] . The impregnation method is a simple one, less time consuming and relatively cheap. The impregnation method can load Pd metal to MOR and produce better catalytic activity and selectivity than the similar Pd/MOR that was prepared by the ion-exchanged method [21] .
The impregnation method is affected by reaction conditions such as temperature, reflux time, pressure and the ratio of metal loaded [24] . While, the determinants factors of the catalysts-supported metals character are metal content [18] , crystallinity [25] , functional groups [26] , acidity [27] , surface area, pore size distribution, pore volume, particle size [28] , and morphology [29] .
In a CoMo/SBA-15 system, it is known that the best performance is obtained at 3% Co content and 8% Mo content [30] . However, another study reported that the best performance was found with 2% and 8% of CoO and MoO 3 impregnation, respectively [31] . The performance was investigated from crystallinity of product and its metal content parameter [31] .
This work aims to investigate the effect of Cobalt-Molybdenum composition in MOR to the catalyst character, and to the catalyst activity in an anisole hydrotreatment. Anisole is a typical oxygen-containing hydrocarbon present in lignin or bio-oil. Therefore, this work may contribute to the investigation of catalyst character and its performance in hydrotreatment reaction.
Experimental

Material
This research used a synthetic MOR (HS-690-Wako) as a catalyst support. Analytical grade (NH 4 ) 6 
Catalyst Preparation and Characterization
A series of cobalt molybdate catalysts was prepared by the co-impregnation method. MOR was poured into the solution of cobalt nitrate that was mixed with ammonium molybdate. At first, the Mo, Co, and MOR were mixed in the ammonia solution with deionized-water as a solvent.
The solution was then refluxed at 60°C for 2 hours, followed by drying with a rotary evaporator. The powder was then calcined at 550°C for 3 hours under N 2 gas flow (10 mL min-1)then heated at 400°C for 2 hours under H 2 gas flow, finally being cooled to room temperature under H 2 gas flow During this process the sample was stored in a desiccator to avoid contact with air.
Catalyst Characterization
The metal contents of the co-impregnation product were analyzed by X-ray Fluorescence (XRF BRUKER S2 Ranger). Crystallinity and metal phase of the produced catalysts were investigated by X-ray powder diffraction technique (Shimadzu 7000 with Cu-Kα radiation λ = 1.5418 Å at 3 < 2θ < 90°, θ/2θ scanning mode, with 0.02° sampling pitch, and 3°/min scan speed). The obtaineddiffraction patterns were then refined with Le Bail method by RIETICA software, by inputting data of standard diffraction from ICSD file. Strategies for combining X-ray diffraction analysis and fluorescence have been shown to be successful in determining the phase and chemical compositions [32] [33] [34] [35] . Meanwhile, the total acidity value is determined by the adsorption method with two types of probe molecules (pyridine and ammonia molecules), followed by evacuation for 30 minutes at 150°C, and recorded by FTIR (Shimadzu IR prestige-21) spectrometer at the wavelength of 4000-500 cm-1. The pyridine and ammonia adsorption methods are based on the combined procedure from Tyagi et al. [36] and Barzetti et al. [37] .
The prepared samples were degassed at 180 o C for 3 hours and then the N 2 adsorption/desorption isotherm in the sample was measured by Surface Area Analyzer, SAA (Quantacrome ver. 10.1) at low temperatures (77.3 K). The specific surface area, total pore volume, and average pore radius calculated by the BET method (assuming P/Po = 0.98, and cylindrical shapes of pores). The morphology observed by utilizing SEM (JEOL JSM 6510 LA).
Catalyst Testing
Anisole and catalyst (in 10:1 weight ratio) were loaded in a mini-batch autoclave reactor (h: 9.5 cm; o.d.: 6.5 cm; i.d.: 5.4 cm) which was then evacuated to remove air. The reaction was carried out under hydrogen gas at a pressure of 1 bar and a temperature of 350°C for one hour. The liquid product was collected and analyzed by Gas Chromatograph Mass Spectrometer (GC-MS) QP 2010 SE. The yield of product was calculated by El-Hakam equations [27] .
Results and Discussion
Catalyst Properties
Elemental analysis of the catalysts was conducted by XRF to MOR before and after modification. The analysis was conducted to prove that Co and Mo are well impregnated into the MOR. The elemental content along with its composition are shown in Figure 1 . Figure 1a . shows the amount of Co and Mo metals on the CoMo/MOR catalysts. The percentage of Co and Mo increase from 2.42% to 8.85% for Co and 0.34% to 1.25% for Mo with increasing precursor addition. However, the presence of Co and Mo metals on MOR cause a decreasing amount of Si and Al (Fig. 1b.) .
XRD analysis of the prepared catalysts to understand their crystallinity, crystal structure and the metal phase of the samples. The diffraction patterns are shown in Figure 2 .
Based on Figure 2 , the diffraction pattern shows characteristic peaks at 2θ (°) angles of 9.78°; 13.56°; 19.70°; 22.51°; and 27.78°. This result is consistent with previous research in which some sharp characteristic peaks at 2θ of 9.82 °; 13.56 °; 19.69 °; 22.35 ° and 27.74 ° were reported [20, 38] . Figure 2 shows that diffraction pattern of CoMo/MOR is almost similar to the initial MOR. It is probably caused by the highly dispersed support material or the quantity of metal particles added to MOR are very few and still below the limit detection of the XRD instrument [39] . Figure 2 also shows that there is no 2θ shift before and after MOR modification. This indicates that the addition of Co-Mo metals just interfered the MOR's framework [40] rather than damaging or changing the crystallinity which would be signified by a shift in the peak position. For example, the replacement of Al-O bonds with shorter Si-O bonds will cause the shrinkage of the unit cell and a reduction in crystallinity. As a consequence, the peak in the diffractogram will shift to higher angles [41] .
To determine the crystal structure the XRD data was compared with the Inorganic Crystal Structure Database (ICSD) data and then refined using the Le Bail method with RIETICA software. The aim of this refinement is to understand if there are any overlapping reflections of phase that appear on samples [32] [33] [34] [35] [42] [43] [44] [45] [46] [47] . The first refinement investigated the suitability of the MOR material used with the existing MOR standard based on the residual factor value (Rp and Rwp). The residual factor is the limit value of nonconformity in the analysis that is still acceptable. If there is non-conformity between data and the calculation the residual factor value becomes lower. The Le Bail refinement was conducted by inputting standard diffraction ICSD #4393 and found that the MOR was crystallized in orthorhombic structure with space group of Cmcm and cell parameters of a = 18.007; b = 20.269; c = 7.465 Å. The cell volume is 2724.6 Å3 and the angle between axes of α = β = γ = 90 °. Based on the refinement result the MOR structure framework can be described as shown in Figure 3 . Figure 3 shows that the MOR framework is composed of Si and Al metals, and has two main cavities bounded by oxygen atoms. There is a balancing proton inside the cavities that can undergo a cation exchange with the embedded transition metal. The results of Huertas-Miranda and Martinez-Iñesta [48] study show that the transition metal can occupy the side pockets and the main pore channel depending on temperature, the zeolite's silicon to aluminum ratio (Si/Al) and metal loading.
The unidentified peaks in the diffraction pattern might be belong to metals, metal oxides, and metal alloys and therefore a more in-depth analysis was carried out by inputting some standard pure metals and metal oxides namely Co (ICSD # 41507), Mo (ICSD # 173127), MoO 3 (ICSD # 36167), and CoMoO 4 (ICSD # 281235) on CoMo / MOR catalysts. The refinement result shows that the residual factor values (Rp and Rwp) decreased after inputting some standard diffraction above. The result is listed in Table 1 . The refinement result proved that Co, Mo, MoO 3 , and CoMoO 4 are available or successfully loaded in the modified MOR of CoMo/MOR catalyst.
The FTIR spectrum of the CoMo/MOR catalyst compared to the various MOR spectra is shown in Figure 4 . The broadband peak at a wavenumber around 3400 cm -1 is predicted to be a vibrational stretch from isolated groups (Si-O-H) and water molecules that are adsorbed on the surface of catalyst [38, 49] . The presence of water bound to the surface is supported by an absorption band at 1640 cm -1 [38] . Meanwhile, the peak at 1100 -1050 cm -1 are internal and external symmetric stretching of O-Si/Al-O-. While, the peak at 420-500 cm -1 corresponds to an internal and external asymmetric stretching (←O(Si/Al)→←O) of siliceous materials [38] . FTIR analysis of MOR and CoMo/MOR show similar characteristic peaks, however the transmittance shown by the peaks are different. It is probably caused by the different amount of Co and Mo metals in the MOR and the number of acid sites inside the catalyst also may produce a different transmittance value.
Acidity analysis of MOR and CoMo/MOR was conducted using a gravimetric method with ammonia as a probe molecule. The ammonia can also act as Lewis and Bronsted bases, therefore the total acidity of catalyst can be determined. The total acidity of MOR and CoMo/MOR are listed in Table 3 . Table 3 shows that the addition of Co and Mo metals to MOR can increase the acidity. MOR catalyst provides Bronsted acid site due to the presence of hydroxyl functional groups. Meanwhile, Co and Mo act as Lewis acid because both have , a half-full d orbital. This causes the acidity of the catalyst to increase after Co and Mo addition. Even though the total acidity increases as the Co content increases, the acidity decreases after 8% of Co metal content. Excessive metal addition can lead to agglomeration that may reduce the total acidity of CoMo/ MOR catalysts. However, the acidity of CoMo/MOR catalyst is still higher than the Ni(Co)/MOR catalyst [20] . It means that the CoMo/MOR catalyst is better than Ni(Co)/MOR. The presence of Bronsted and Lewis acid sites of MOR and CoMo/MOR can be analyzed by FT-IR analysis with the spectra as shown in Figures 5 and 6 . Figure 6 shows that all samples have the same type of adsorption isotherm, namely type IV isotherm. All catalyst are included in the category of mesoporous material, confirmed by the presence of a hysteresis loop. Further analysis to the adsorption isotherm may describe the effect of cobalt/molybdenum ratio to the specific surface area, total pore volume and an average pore radius of the CoMo/ MOR catalyst. The adsorption isotherm data is processed using the BET method, and the results are shown in Table  4 . Table 4 shows that surface area of MOR decreases due to the addition of Co and Mo. However, the pore radius average and total pore volume of CoMo/MOR increases. Figure 8 shows that MOR has homogeneous particle size. Co and Mo addition seems to change the morphology of MOR. The Co6Mo/MOR and Co8Mo/MOR are dominated by large size of particles, because of their Co/Mo ratio is great. Particle size analysis from SEM images was conducted with MeasureIt software and the results are shown in Figure 9 . Figure 9 shows that CoMo/MOR has a more heterogeneous particle size than MOR. The particle size of MOR is between 0.31 -0.50 mm, meanwhile Co0Mo/MOR, Co2Mo/MOR and Co4Mo/Mor has particle size of 0.91 -1.20 mm, Co6Mo/MOR is 0.71 -0.70 mm, and Co8Mo/MOR is between 0.71 -0.90 mm. The presence of metals, metal oxide and metal alloy seems to increase heterogeneity of the catalyst particle size as well increasing the particle size itself [20] .
Preliminary Study of Catalyst Activities
Based on the characterization of the prepared catalyst, it is found that all catalysts have almost similar properties except for the total acidity value. Therefore, in the prestudy of the HC reaction of anisole, the moderate acidity catalyst, i.e., Co6Mo/MOR was chosen. The main products of the reaction are o-methoxy toluene and phenol. The amount of conversion of anisole to o-methoxy toluene and phenol is calculated based on GC [27] . The yields of product conversion are presented in Figure 10 .
The product analysis of the HC reaction of anisole shows that the CoMo/ MOR catalyst is not suitable for opening the anisole ring. Weak HC properties of catalysts are possible because of the low strength of Lewis acid [20] . The percentage conversion of anisole HC reaction with Co6Mo/MOR catalyst is 3.55% o-methoxy toluene and 4.77% phenols. Meanwhile, when MOR was used as catalyst the percentage conversion is 0.02% o-methoxy toluene, and 0.39% phenols. It shows a better activity of CoMo/MOR than MOR. If the product redress is assumed to be the same as the catalyst activity, then the CoMo / MOR catalyst activity is better than Ni (Co)/MOR catalyst activity [20] .
Conclusion
The results show that MOR was successfully modified with Co and Mo metals which is shown by the increase of the Co and Mo metal content in the CoMo / MOR catalyst. The addition of metals does not change the functional group, however it decreases the crystallinity and surface area of MOR. Meanwhile, the total acidity of the catalyst tended to increase along with the increase in the metal content. The Co and Mo addition also change the morphology to become more heterogeneous with larger particle size. The anisole HDO reaction with Co6Mo/MOR has higher product yield than the reaction with MOR as catalyst. It indicates a better catalytic activity of Co 6 Mo/MOR than MOR. Based on the product yield of the anisole HC reaction, it is also known that Co6Mo/MOR catalyst has better catalytic activity than MOR. 
